The differential cross section for n-p elastic scattering at 459 MeV in the c. 
I. INTRODUCTION
Knowledge of the nucleon-nucleon (N N) interac-tion in the intermediate energy region (up to 800 MeV) has been greatly improved in the past two decades. In fact, the variety and quality of p-p scattering data are sufficient to lead to an unambiguous and fairly accurate determination of the I = 1 phase-shift solutions throughout the region. Since the data for n-p scattering are fewer in number and generally less accurate, the determination of the I =0 partial waves is far less certain, especially at the higher energies, even on the assumption that all but the lowest I =1 partial waves are the same for n-p as for p-p scattering. The need for data of higher accuracy persists, especially since disagreements remain between the results obtained by different groups. Earlier papers published by the present group added significantly to the body of data.
These papers presented measurements of the n -p differential cross section da. /dQ for wide angular regions at 647 MeV [1] and at 802 MeV [2] , which resolved the considerable disagreements between earlier measurements. The results being reported here were obtained with the same apparatus and methods as were described in the earlier reports [1, 2] , but are for a lower energy.
Compilations of the existing N-N data maintained by Amdt et al. [3] and by Bystricky and Lehar [4] [7] . While these data sets are in fair agreement at extreme back angles (8* -180 ), they rapidly diverge as 0* decreases; near 160', for example, the Saclay values are -40% higher than the PPA values, and the LAMPF values fall between these two extremes. The cross section values presented in the present paper are most nearly in agreement with the results of Ref. [7] .
II. EXPERIMENTAL METHOD
Since the apparatus and techniques used in the present experiment were the same as those used in the previous experiments at 647 and 802 MeV [1, 2] , only the briefest discussion will be given here. The neutron beam was obtained by passing the LAMPF proton beam The incident neutron spectrum was reconstructed from the observed recoil proton spectrum by use of the known n-p kinematics. Only those events which fell within a narrow window containing the quasifree CE peak of the reconstructed neutron spectrum were used in the n-p cross-section determination.
As Fig. 1(a) , and compared there with the results from PPA at 466 MeV [5] , which span the same angular region. Although there is a qualitative similarity of the two data sets, the differences are very real, especially in the region of the cross-section minimum near 100. The data reported here also are not in good agreement with the results from Saclay at 457 MeV [6] [ Fig. 1(b) ]. Actually, the agreement was better before the second renormalization [6] of the Saclay data. The agreement with the LAMPF measurements at 451 and 473 MeV [7] [ Fig. 1 [7] , but not those from PPA [5] or Saclay [6] . Polarization or analyzing power data included are those from LAMPF [12, 13] , TRIUMF [14, 15] , and Chicago [16] . Also included are some spin-correlation data from TRI-UMF [14] and LAMPF [17] , a few polarization transfer data [15, 18, 19] , and some measurements of the Wolfenstein D, R, and A parameters [16] . While they are limited in number, these "two-spin" measurements are of critical importance to the phase-shift analysis.
The It has long been known [20] that the shape of the peak in the backward angle (CE) region can be described rather well by the empirical double-exponential formula dO =a& exp(P, u)+a2exp(P2u) . of exponential terms, and g was found to be a minimum for the two-term fit. This fit is shown in Fig. 3 [6] at 457 MeV and from LAMPF [7] at 451 and 473 MeV. [21] , very similar to the earlier LAMPF experiment [7] (the values of P must be read from a small figure in Ref. [21] , but the values of a, +a2 are tabulated there). The value of do/dQ'(180') given by the C450 phase-shift analysis solution is 10.82 mb. All of the tabulated values (except that for Ref. [6] ) are lower than this by more than one standard deviation.
In particular, the experiments normalized by means of the np~d er cross section (Refs. [7, 21] and this experiment) are low by many standard deviations (those of [7) are 6% and 7% low, that of [21] is 12% low, and that from this experiment is 9% low). This is strong evidence that the np~d~c ross section used in each case was too low.
A more meaningful test of the plausibility of the angular distribution at backward angles can be obtained by use of the pole-extrapolation method of Chew [22] Fig. 4 . The fits for the less extended data sets give curves which are not discernibly different.
In a recent analysis of pion-nucleon elastic-scattering data [25] , the value obtained for f was 0.0735+0.0015.
(An earlier determination [26) gave 0.079+0.001, and there has been some controversy over the matter [27] .)
This value of 0.0735, which will be labeled f z for convenience in the following discussion, is -6% higher than the value 0.069 seemingly indicated in Table III 
IV. CONCLUSIONS
The data presented here are the best available in this energy region. They are in reasonable agreement with an independent LAMPF experiment covering a smaller angular region [7] , but not with data from PPA [5] and Saclay [6] . There does seem to be a problem with absolute normalization, however, which various evidence indicates malization of the point by 10% (shown by the upper star) would put it in better agreement with the more recent measurements of Giles [29] . This strengthens the argument for the -10% renormalization suggested by both the phase-shift analysis and the coupling constant determination.
The pole-extrapolation procedure was also used to extract f values from the data of the other experiments shown in Fig. 1 , and the results are assembled in Table  IV . The criteria used to determine the optimum number of terms is the same as was used in Table III [29] ; HO 83 -Hoftiezer et al. [30] ; MA 83 -Mathie et al. [31] ; RI 83 -Ritchie et al. [32] ; RI
